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Independent Orbiter Assessment
Analysis of the Main Propulsion System

1.0 EXECUTIVE SUMMARY

The McDonnell Douglas Astronautics Company (MDAC) was selected in
June 1986 to perform an Independent Orbiter Assessment (IOA) of
the Failure Modes and Effects Analysis (FMEA) and Critical Items
List (CIL). Direction was given by the STS Orbiter and GFE
Projects Office to perform the hardware analysis using the
instructions and ground rules defined in NSTS 22206, Instructions
for Preparation of FMEA and CIL, 10 October 1986. The IOA
approach features a top-down analysis of the hardware to
determine failure modes, criticality, and potential critical
items. To preserve independence, this analysis was accomplished
without reliance upon the results contained within the NASA
FMEA/CIL documentation. This report documents (Appendix C) the
independent analysis results for the Orbiter Main Propulsion
System (MPS) hardware.

The Orbiter MPS consists of two subsystems; the Propellant
Management Subsystem (PMS) and the Helium Subsystem. The PMS is
a system of manifolds, distribution lines and valves by which the
liquid propellants pass from the External Tank (ET) to the Space
Shuttle Main Engines (SSMEs) and gaseous propellants pass from
the SSMEs to the ET. The Helium Subsystem consists of a series
of helium supply tanks and their associated regulators, check
valves, distribution lines, and control valves. The Helium
Subsystem supplies helium that is used within the SSMEs for in-
flight purges and provides pressure for actuation of SSME valves
during emergency pneumatic shutdowns. The balance of the helium
is used to provide pressure to operate the pneumatically actuated
valves within the PMS.

The IOA analysis made use of available Orbiter MPS schematics and
hardware assembly and component drawings. Each component was
evaluated and analyzed for possible failure modes and effects.
Criticalities were assigned based on the worst possible effect

of each failure mode.

A summary of the number of possible failure modes and correspond-
ing criticalities is given below. The presentation format is
Hardware (HW) criticality first and Functional (F) criticality
second.

Criticality: 1/1 2/1R| 2/2 3/1R| 3/2R| 3/3
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Figure 1 presents a summary of the failure criticalities for each
of the MPS subsystems.

For each failure mode identified, the criticality and redundancy
screens were examined to identify critical items. A summary of
Potential Critical Items (PCIs) is presented as follows:

T S M M et et e et S e e e - —— ——— ——— - ——— ———  ————— - ——— e —

Criticality: 1/1 2/1R| 2/2 3/1R| 3/2R| TOTAL

Number 129 142

Of the 690 failure modes analyzed, 349 were determined to be PCIs.
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2.0 INTRODUCTION
2.1 Purpose

The 51-L Challenger accident prompted the NASA to readdress
safety policies, concepts, and rationale being used in the
National Space Transportation System (NSTS). The NSTS QOffice has
undertaken the task of reevaluating the FMEA/CIL for the Space
Shuttle design. The MDAC is providing an independent assessment
of the Orbiter FMEA/CIL for completeness and technical accuracy.

2.2 Scope

The scope of the independent FMEA/CIL assessment activity
encompasses those Shuttle Orbiter subsystems and GFE hardware
identified in the Space Shuttle Independent FMEA/CIL Assessment
Contractor Statement of Work. Each subsystem analysis addresses
hardware, functions, internal and external interfaces, and
operational requirements for all mission phases.

2.3 Analysis Approach

The independent analysis approach is a top-down analysis utiliz-
ing as-available drawings to break down the respective subsystem
into components and low-level hardware items. Each hardware item
is evaluated for failure mode, effects, and criticality. These
data are documented in the respective subsystem analysis report,
and are used to assess the NASA and Prime Contractor FMEA/CIL
reevaluation results. The IOA analysis approach is summarized in
the following Steps 1.0 through 3.0. Step 4.0 summarizes the
assessment of the NASA and Prime Contractor FMEAsS/CILs that is
performed and documented at a later date.

Step 1. Subsystem familiarization

Define subsystem functions

Define subsystem components

Define subsystem specific ground rules and

assumptions

0

1.
1.
1.

wN -

Step 2.0 Define subsystem analysis diagram
2.1 Define subsystem
2.2 Define major assemblies
2.3 Develop detailed subsystem representations
Step 3.0 Failure events definition
3.1 Construct matrix of failure modes

3.2 Document IOA analysis results



Step 4.0 Compare IOA analysis data to NASA FMEA/CIL
Resolve differences

Review in-house

Document assessment issues

Forward findings to Project Manager

b B
- wo e

2.4 Orbiter MPS Ground Rules and Assumptions

The Orbiter MPS ground rules and assumptions used in the IOA are
defined in Appendix B.



3.0 SUBSYSTEM DESCRIPTION

3.1 Design and Function

The Orbiter Main Propulsion System is composed of the Propellant
Management Subsystem (PMS) consisting of the LO2 and LH2
subsystems and the Helium Subsystem (Figures 2A thru 2D). The
PMS is a system of manifolds, distribution lines, and valves by
which the liquid propellants pass from the ET to the SSMEs. Some
of the propellants are vaporized in the engine and returned to
the ET to maintain ullage pressure. The Helium Subsystem
consists of a series of helium supply tanks and their associated
regulators, check valves, distribution lines, and control valves.
The Helium Subsystem supplies helium that is used within the
SSMEs for in-flight purges and provides pressure for actuating
SSME valves during emergency pneumatic shutdowns. The balance of
the helium is used to provide pressure to actuate all the
pneumatically operated valves within the PMS.

3.1.1 Propellant Management Subsystem Function

During engine burn, propellants under tank pressure flow from the
ET to the Orbiter through two umbilicals; one for LO2 and the
other for LH2 (Figures 3 and 4, respectively).

The PMS also provides a path which allows gases tapped from the
three engines to flow back to the ET, through two gas umbilicals,
to maintain pressures in the fuel and oxidizer tanks.

The PMS also functions during phases other than engine burn.
During prelaunch, the PMS is used to control the loading of
propellants in the ET. During orbit, PMS controls propellant
dump, vacuum inerting, and system repressurization (for entry).

3.1.2 The PMS Components

The PMS contains the following major components (Figures 3 and
4).

A. Liquid Propellant Supply and Distribution Network. The
network is composed og all the liquid propellant lines
used to load propellants during prelaunch, feed
propellants to the SSMEs during engine burn, and dump
residual propellants after ET separation.

Specifically, the network consists of:

1. Propellant Feedline Manifolds - There are two 17-
inch diameter manifolds in the Orbiter, one for
LO2 and one for LH2. Both of the manifolds have a
feedline disconnect valve at one end and two fill
and drain valves (one inboard, one outboard)
connected in series at the other end. The feed-
line manifolds connect to the ET liquid propellant
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umbilicals at the feedline disconnect valve, and
to either GSE liquid propellant umbilicals
(prelaunch only), or overboard at the outboard
fill and drain valves.

Between the feedline disconnect valves and the
inboard fill and drain valves are three outlets
for the three engine propellant feedlines and one
outlet for the propellant feedline relief line.
The LH2 feedline manifold contains an extra outlet
for the LH2 Return to Launch Site (RTLS) feedline
dump line. (See paragraph 4 below.) Pressures
within the LO2 and the LH2 feedline manifolds
(MANF) can be monitored on the two ENG MANF meters
on Panel F7 or the CRT display Guidance and
Navigation Control (GNC) System (SYS) SUMM 1
Backup Flight System (BFS).

Engine Propellant Feedlines - There are six 12-
inch diameter feedlines in the Orbiter, three for
LO2 and three for LH2. Each of the LO2 engine
propellant feedlines connects to the LO2 feedline
manifold at one end and to the Low Pressure
Oxidizer Turbopump (LPOT) inlet of one of the
SSMEs at the other end. Likewise, each of the LH2
engine propellant feedlines connects to the LH2
feedline manifold at one end and to the Low
Pressure Fuel Turbopump (LPFT) inlet at one of the
SSMEs at the other end. There is one prevalve in
each of the six engine propellant feedlines. The
prevalves are designated as left, center, or right
(engine) LO2 prevalve; or left, center, or right
(engine) LH2 prevalve.

Propellant Feedline Relief Line - There are two 1-
inch diameter relief lines in the Orbiter, one for
LO2 and one for LH2. Each relief line connects to
one of the propellant feedline manifolds at one
end and to an overboard port at the other end.
Each relief line contains a relief valve and a
pneumatically actuated relief isolation valve.

The isolation valve is mounted in series with, and
upstream of, the relief valve. Flow through the
relief line and relief valve is enabled by reliev-
ing closing pressure on the normally open
isolation valve, allowing it to open.

The position of the relief isolation valve (2) is
controlled by one of two FEEDLINE RLF ISOL
switches on Panel R4. Normally these switches are
left in the GPC position. with the switches (2)
in this position, both relief isolation valves
will be opened automatically immediately after
MECO.

13



The purpose of the relief lines is to prevent
excessive pressure build-ups, generated by heatup
and expansion of the propellants in the feedline
manifolds, by allowing the pressure to be vented
overboard through the relief valves.

4. LH2 RTLS Feedline Dump Line - This is a single 2
inch diameter line which connects to the LH2
feedline manifold at one end and to an overboard
port at the other end. (The overboard port is
located on the outer skin of the left side of the
Orbiter between the Orbital Maneuvering System
(OMS) .pod and the upper surface of the wing.) The
line is used for dumping residual LH2 during an
RTLS abort. 1In non-RTLS situations, the pilot can
use the backup LH2 dump switch to open these
valves. Flow through the line is controlled by
two series-connected, normally closed, LE2 RTLS
dump valves (one inboard, one outboard) which are
mounted in the line. The LH2 RTLS dump valves are
controlled automatically by GPC commands.

Gaseous Propellant Collection and Supply Network. The
network consists of all the lines used to collect and
supply gaseous propellants (GO2 and GH2) from all three
SSMEs to the ET to maintain propellant tank pressure
during main engine burn. (Note: This network has no
major function after ET separation.) Specifically, the
gaseous propellant collection and supply network
consists of the following.

1. Engine ET Pressurization Output Lines - There are
six 0.63-inch diameter pressurization lines in the
Orbiter, three for GO2 and three for GH2. Each of
the GO2 pressurization lines connects to the
oxidizer heat exchanger outlet of one of the SSMEs
at one end and the GO2 ET pressurization manifold
at the other end. Each of the GH2 pressurization
lines connects to the LPFT turbine outlet of one
of the SSMEs at one end and the GH2 ET pressuriza-
tion manifold at the other end. Six flow control
valves are used to control ullage pressure in the
two ET propellant tanks.

2. ET Pressurization Manifolds - There are two 2-inch
diameter manifolds in the Orbiter, one for GO2 and
one for GH2. At each end of both manifolds are
self-sealing quick disconnects. The pressurization
manifolds connect to the ET gaseous propellant
umbilicals at one set of quick-disconnects and to
the GSE helium pressurization umbilicals at the
other set of quick-disconnects. The GSE helium

14



pressurization umbilicals (2) are used for the
initial pressurization of the ET propellant tanks
during prelaunch.

Each pressurization manifold contains inlets for
the three engine ET pressurization output lines.
(The ET GH2 pressurization manifold contains, in
addition to the three inlets, an outlet for the

GH2 pressurization vent line. (See paragraph 3
below.)
3. GH2 Pressurization Vent Line - This is a single

line which connects to the ET GH2 pressurization
manifold line at one end and to an overboard port
at the other end. This line is used exclusively
for vacuum inerting the GH2 pressurization lines

during orbit. Flow through the line is controlled

by the normally closed GH2 pressurization line
vent valve which is mounted in the line. This
valve is controlled by the GH2 PRESS LINE VENT
switch on cockpit Panel R4.

valves - There are two basic types of valves used in
the PMS: those that are pneumatically actuated and
those that are electrically actuated. Pneumatically
actuated valves are used where large loads are
encountered, such as in the control of liquid
propellant flows. Electrically actuated valves are
used where lighter loads are encountered, such as in
the control of gaseous propellant flows.

Pneumatically actuated valves can be further divided
into two subtypes - those that require pneumatic

pressure to open and close the valve (type 1) and those

that are spring-loaded to one position and require
pneumatic pressure to move to the other position (type
2).

The following is a list of the type 1 valves.

LH2 feedline disconnect valve
LO2 feedline disconnect valve
LH2 prevalves (3)

LO2 prevalves (3)

LH2 inboard fill/drain valve
LO2 inboard fill/drain valve
LH2 outboard fill/drain valve
LO2 outboard fill/drain valve

Each type 1 valve actuator is equipped with two

electrically actuated solenoid valves. Each of the two

solenoid valves controls helium pressure to either an
"open" port or a "close" port on the actuator.

15



Energizing the solenoid valve connected to the "open*
port will allow helium pressure to open the pneumatic
valve. Similarly, closing of the pneumatic valve is
performed by energizing the solenoid valve connected to
the "close" port. (The LO2 Prevalves have four
solenoids, two redundant solenoids each to control
helium pressure to the "open" and to the "closed”
ports.)

Removing power from a solenoid valve not only removes
helium pressure from the corresponding port of the
pneumatic actuator, but also allows the helium pressure
trapped in that side of the actuator to vent overboard.
Removing power from both solenoids allows the pneumatic
valve to remain in its last commanded position.

The following is a list of the type 2 valves.

LH2 RTLS inboard dump valve, Normally Closed (NC)

LH2 RTLS outboard dump valve (NC)

LH2 feedline relief shutoff valve, Normally Open (NO)
LO2 feedline relief shutoff valve (NO)

LO2 Pogo accumulator recirculation valve (NO)

Each type 2 valve is equipped with a single
electrically actuated solenoid valve which controls
helium pressure to either an "open" port or a "close"
port on the actuator. Removing power from the solenoid
valve removes helium pressure from the corresponding
port of the pneumatic actuator and allows helium
pressure trapped in that side of the actuator to vent
overboard. Spring force will then take over and drive
the valve to the opposite position. If the spring
force drives the valve to the open position, the valve
is referred to as a Normally Open (NO) valve. If the
spring force drives the valve to the closed position,
the valve is referred to as a Normally Closed (NC)
valve.

The following is a list of the electrically actuated
solenoid valves:

H2 pressurization line vent valve (NC)
GH2 pressurization flow control valves (3) (NO)
GO2 pressurization flow control valves (3) (NO)

The above electrically actuated valves are spring-
loaded to one position and move to the other position
when power is applied. These valves are referred to as
either normally open or normally closed, based on their
position in the de-energized state.

16



3.1.3 Orbiter MPS - Helium Subsystem General Description

The helium subsystem consists of seven 4.7-ft3 helium supply
tanks, three 17.3-ft3 helium supply tanks, and their associated
regulators, check valves, distribution lines, and control valves
(Pigure 5). PFour of the 4.7-ft3 helium supply tanks are located
within the Orbiter aft of the payload bay area. The other three
4.7-ft3 supply tanks and the three 17.3-ft3 supply tanks are
located below the payload bay liner and above the main landing
gear cavity. Each of the 17.3-ft3 supply tanks is plumbed to two
of the 4.7-ft3 supply tanks (one in the mid-body, the other in
the aft body) to form three sets of three tanks. Each set of
tanks, thus formed, normally provides helium to only one engine
and for this reason is commonly referred to by the engine's
designation; for example, "left engine helium." This helium is
used for in-flight purges of engines, aft compartments, and
provides pressure for actuating engine valves during emergency
pneumatic shutdowns.

" The remaining 4.7-ft3 helium supply tank (the one which is not
connected to a 17.3-ft3 tank) is called the "pneumatic helium"
supply tank. It normally provides pressure to actuate all of the
pneumatically operated valves within the propellant management
subsystem (Figure 5).

Each of the four helium supply circuits described above (three
engine helium and one pneumatic helium) will operate
independently until after MECO, when the three "out" helium
interconnect valves will be opened, connecting all circuits to a
common manifold. This interconnection can be performed manually
by the crew; however, normally the GPC will automatically
interconnect the circuits just before the. start of the MPS
propellant dump.

3.1.4 Helium Subsystem Components

The helium subsystem contains the following major components.

A. Supply Tank - Each engine helium supply tank cluster
consists of two 4.7-ft3 supply tanks and one 17.3-ft3
supply tank. One of the 4.7-ft3 tanks and the 17.3-ft3
tank are located in the mid-body area of the Shuttle
under the payload bay liner, in an area originally
reserved for additional Power Reactant Supply and
Distribution (PRSD) cryogenic storage. The 17.3-ft3
tank is identical to that used in the OMS. The
remaining 4.7-ft3 tank is located in the rear of the
shuttle, aft of the payload bay bulkhead. The single
4.7-ft3 pneumatic helium supply tank is also located in
this area. Prior to lift-off, all helium supply tanks
will be pressurized to a nominal value of 4500 psia.

17
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Solenoid Actuated Valves - All of the valves in the
helium subsystem are spring-loaded to one position and
electrically actuated to the other position.

valve position is controlled via electrical signals
from either the GPCs or a manual switch. The crew can
control only a portion of the valves through cockpit
switches, the remainder are controlled automatically
by the GPCs.

Supply Tank Isolation Valves - There are eight supply
tank isolation valves in the helium subsystem. The
valves are connected in parallel to each engine helium
supply tank cluster and to the pneumatic supply tank in
pairs. 1In the case of the engine helium supply tanks,
each pair of isolation valves control helium flow
through one leg of a dual helium supply regulator
circuit. Each helium supply circuit contains two check
valves, a filter, an isolation valve, a regulator, and
a relief valve.

The two isolation valves connected to the pneumatic
supply tank are also connected in parallel. The rest
of the corresponding helium supply circuit consists of
a filter, the two isolation valves, a regulator, a
relief valve, and a single check valve.

Each isolation valve (with the exception of the two
pneumatic helium isolation valves) can be individually
controlled by it's own cockpit switch. The two
pneumatic helium isolation valves are controlled by a
single switch on Panel R2.

Interconnect Valves - Each engine helium supply tank
cluster has two interconnect valves. Each valve in the
pair of interconnect valves is connected in series with
a check valve. Because of the check valves, helium can
flow through the interconnect valves in one direction
only. The interconnect valves are oriented in such a
manner that one interconnect valve controls helium flow
into the circuit and the other interconnect valve
controls helium flow out of the circuit. The "in"
interconnect valve controls He flow into the associated
engine helium distribution lines from the pneumatic
helium supply tank. The "out" interconnect valve
controls helium flow out of the associated engine
helium supply tank cluster to the pneumatic helium
distribution lines.

Each pair of interconnect valves (per engine) are
controlled by a single cockpit switch. This switch has
three positions: IN OPEN/OUT CLOSE, GPC, and IN
CLOSE/QUT OPEN. With the switch in the IN OPEN/OUT
CLOSE position, the "in" interconnect valve will be
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opened and the "out" interconnect valve closed. The IN
CLOSE/OUT OPEN switch position will do the reverse.
With the switch in the GPC position, both valves are
closed unless commanded to the open position by the
GPCs. In the event of an RTLS during a normal flight
the GPC will signal the "in" interconnect valve to open
automatically at MECO and close automatically 20
seconds later. The "out" interconnect valve is opened
automatically at the beginning of the LO2 dump and
closed automatically at the end of the LH2 dump. If an
engine was shut down prior to MECO, however, the
corresponding "in" interconnect valve will remain
closed at MECO. At any other time, placing the switch
in the GPC position results in both interconnect valves
closing and remaining closed.

There is an additional crossover (interconnect) valve
connected downstream of the left engine helium supply
regulators to the pneumatic helium distribution system.
In the event of a pneumatic helium regulator failure
(note - only one regulator in this line), this cross-
over valve would be opened, the pneumatic helium
isolation valve would be closed, and the left engine
helium supply would then provide regulated helium
pressure through the crossover valve to the pneumatic
helium distribution system. This crossover valve is
controlled by it's own three-position cockpit switch.
The three switch positions are labeled OPEN, GPC, and
CLOSE.

Manifold Pressurization Valves - (Figure 6A) - The
manifold pressurization valves are located downstream
of the pneumatic helium pressure regulator and are used
to control the flow of helium to the propellant
manifolds during nominal propellant dumps and manifold
repressurization. There are four of these valves,
grouped in pairs. One pair of valves controls helium
pressure to the LO2 propellant manifolds, and the other
pair controls helium pressure to the LH2 propellant
manifolds.

LH2 RTLS Dump Pressurization Valves - (Figure 6B) - The
LH2 RTLS dump pressurization valves are located down-
stream of the pneumatic helium pressure regulator and
are used to control the pressurization of the LH2
propellant manifolds during an RTLS LH2 dump. There
are two of these valves, connected in series. Unlike
the LH2 manifold pressurization valves, the LH2 RTLS
dump pressurization valves cannot be controlled from
the cockpit. During an RTLS abort, valves will be
opened and closed automatically by GPC commands.

22



One additional difference between the nominal and the
RTLS LH2 dumps is in the routing of the helium and the
location at which it enters the LH2 feedline manifold.
For the nominal LH2 dump, helium passes through the LH2
manifold pressurization valves and enters the feedline
manifold in the vicinity of the LH2 feedline disconnect
valve. For the RTLS LH2 dump, helium passes through
the LH2 RTLS dump pressurization valves and enters the
feedline manifold in the vicinity of the LH2 inboard
fill/drain valve (on the inboard side).

G. Pressure Requlators - Each engine helium supply tank
cluster has two pressure regulators, operating in
parallel. Each regulator controls pressure in one leg
of a dual-redundant helium supply circuit. The
pressure regulators for the helium supply tanks are set
to provide outlet pressures in the range of 715 psig to
770 psig. Downstream of this regulator are two more
regulators, the LH2 manifold pressure regulator and the
LO2 manifold pressure regulator. These regulators are
used only during MPS propellant dump and manifold
repressurization. Both regulators are set to provide
outlet pressures in the range of 20 to 25 psig. Flow
through the regulators is controlled by the appropriate
set (2) of normally closed manifold pressurization
valves (Figure 6).

H. Relief Valves - Downstream of each pressure regulator
(with the exception of the two manifold repress
regulators) is a relief valve. The purpose of the
relief valve is to protect the downstream helium
distribution lines from the overpressurization (and
rupture) in the event the associated pressure regulator
fails fully open. The relief valves in the helium
supply circuits are set to relieve at 825 +/- 25 psig
and reseat at 785 psig.

3.2 Interfaces and Locations

The MPS system hardware is located in the aft fuselage
compartment behind the payload bay but forward of the main
engines. The MPS system interfaces with the Orbiter's three main
engines, the external tank, and the ground during prelaunch and
post landing.

3.3 Hierarchy

Figure 2 illuystrates the hierarchy of the MPS hardware
components.
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4.0 ANALYSIS RESULTS

Detailed analysis results for each of the identified failure
modes are presented in Appendix C. Table I presents a summary of
the failure criticalities. Further discussion of each of these
subdivisions and the applicable failure modes is provided in
subsequent paragraphs.

P e e +
TABLE I Summary of IOA Failure Modes and Criticalities
Criticality: 1/1 2/1R 2/2 3/1R 3/2R 3/3 TOTAL

Lo2 53 61 11 56 43 39 263
LH2 64 30 - 25 - 64 183
Helium 12 51 19 13 27 122 244
TOTAL 129 142 30 94 70 225 690

P e e e +

Of these 690 failure modes analyzed, 349 were determined to be
PCIs. A summary of the PCIs is presented in Table IT. Appendix
D contains a cross reference between each PCI and analysis work-
sheets in Appendix C.

P e e +
TABLE II Summary of IOA Potential Critical Items
Criticality: 1/1 2/1R 2/2 3/1R 3/2R TOTAL

LO2 53 61 11 14 7 146
LH2 64 30 - 11 - 105
Helium 12 51 19 - 16 98

P e e e e e e - +

| TOTAL | 129 | 142 | 30 | 25 | 23 | 349

P e +

4.1 Analysis Results - Liquid Oxygen (LO2)

Failures related to the LO2 components were analyzed. Critical
failures were due to external leaks, spontaneous ignition and
mechanical failures of valves.

The LO2 components were individually analyzed. Critical failures
involved the loss of propellant overboard, fire in the aft
fuselage and fire/explosions in the SSMEs. The LO2 manifold
repressurization was the only noncritical failure in this system.
One hundred twenty-nine (129) failures were identified to be
PCIs.
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4.2 Analysis Results - Liquid Hydrogen (LH2)

Critical failures of components involved line ruptures and flow
restrictions, mechanical and electrical failures of valves and
disconnects, and external leakage. One hundred five (105)
failures were identified to be PCIs.

4.3 Analysis Results - Helium

Critical failures of components involved mechanical and
electrical failures of valves, and external leakage. Noncritical
failures involved quick disconnects' inability to mate/demate,
and electrical failures of valves. Ninety-eight (98) failures
were identified to be PCIs.
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MC276-0003,
MC276-0004,
MC276-0005,
Disconnect,
MC276-0032,
MC280-0017,
4/11/84
MC281-0030,
MC284-0389,
Disconnect,
MC284-0390,
7/27/79
MC284-0391,
MC284-0395,
MC284-0396,
MC284-0397,
MC284-0403,
MC284-0406,
ME284-0479,
MC284-0501,
MC284-0515,
MC432-0205,
ME284-0472,
MC284-0404,
MC284-0533,
MC284-0399,
MC284-0398,
MC282-0082,
MC282-0070,
ME276-0032,
ME284-0474,
ME286-0056,
V070-451756,
V0O70-415532,
V070-415568,
V070-415585,
4/16/76
V0O70-415446,
3/11/76
V070-415790,
vV070-415133,
8/21/80
VO70-415545,
12/19/75
VO70-414548,

1 Inch GHE & GN2 Disconnect, 1/11/85
1.5 Inch LO2/LH2 Disconnect, 1/04/85
LO2/LH2 Orbiter to Ground Fill & Drain
4/18/83

Test Point Couplings, 2/10/75

H2 & 02 Pressurant Flow Control Valve

LH2 Recirculation Pump Assembly, 4/12/82
LH2/L0O2 Orbiter to Tank Feed System

2/01/82

LH2 Orbiter to Tank Recirculation Disconnect,

GH2/G0O2 Orbiter to Tank Disconnect, 10/25/79
LO2/LH2 1.5/2 Inch Shutoff valve, 6/27/79
Propellant Shutoff Prevalve, 7/24/82
Propellant Fill & Drain Valve, 6/22/84
Two Way Solenoid valve, 6/24/80
LO2/LH2 Relief shutoff valve, 5/05/76
Engine Isolation Check Valve, 8/20/80
Engine Isolation Check valve, 1/31/83
Dual Check valve, 11/11/82
LO2/LH2 Level Point Sensor, 4/15/81
HE Check Valve, 4/04/80
3 Way HE Solenoid Valve, 4/01/75
HE Regulator, 11/13/79
LO2 Manif Repress Regulator
HE Relief Vvalve, 12/14/77
HE Supply Tank, 12/14/76
LO2 Prevalve Pneu Accumulator, 10/31/75
Test Point Coupling, 2/10/75
LH2 3/8 Inch Relief valve, 9/10/74
HE Supply Filter, 11/04/74
Pneu HE Panel 4 Test Port
LH2 Repress Reg Outlet Test Port, 12/08/75
LO2 Repress Reg Outlet Test Port, 5/17/76
Helium Fill Disc. Check Valve Test Port,

LO2 Prepress Disc..Check valve Test Port,

HE Supply Test Port, 4/13/78
Check Vvalve CV24 Leakage Test Port,

LH2 Feed Manif RTLS Repress Orifice,

LH2 Pressurization System Test Port

Fittings, 3/25/76

VO70-415468,
7/13/77
VO70-415552,

LO2 Relief System Test Port Fitting,

GO2 Pressurization Manifold Orifice

Assembly, 3/05/767
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AFV
ASI
ATVC
ccv
CCVA
EIU
EMR
ET
FBV
FPB
FPL
FPOV
GCvV
GH2
GHe
GN2
GND
GO2
GSE
H2
He
HEX
HGM
HPFT
HPOT
HPV
I/C
ISP
LH2
LO2
LOX
LPFT
LPOT
LPS

MCC
ME
MEC
MECO
MFV
MOV
MPL
MPS
MVA
NC
NO
NPSP
OBV
OPB

APPENDIX A
ACRONYMS

Anti-Flood Valve

Augmented Spark Igniter
Ascent Thrust Vector Control
Chamber Coolant Valve
Chamber Coolant Valve Assembly
Engine Interface Unit

Engine Mixture Ratio

External Tank

Fuel Bleed Vvalve

Fuel Preburner

Full Power Level

Fuel Preburner Oxidizer Vvalve
Gaseous Oxygen Control valve
Gaseous Hydrogen

Gaseous Helium

Gaseous Nitrogen

Ground

Gaseous Oxygen

Ground Support Equipment
Hydrogen

Helium

Heat Exchanger

Hot Gas Manifold

High Pressure Fuel Turbopump
High Pressure Oxidizer Turbopump
Helium Precharge Valve
Interconnect

Specific Impulse

Liquid Hydrogen

Liquid Oxygen

Liquid Oxygen

Low Pressure Fuel Turbopump
Low Pressure Oxidizer Turbopump
Launch Processor System
Launch Processing System
Manifold

Main Combustion Chamber

Main Engine

Master Events Controller
Main Engine Cutoff

Main Fuel Valve

Main Oxidizer Vvalve

Minimum Power Level

Main Propulsion System

Main valve Actuator

Normally Closed

Normally Open

Net Positive Suction Pressure
Oxidizer Bleed Valve
Oxidizer Preburner

A-1



CPOV
PAV
P/B
PBVA
Pc
PCI
PCV
PMS
POP
RIV
RPC
RPL
SRB
SSME
SSMEC

Oxidizer Preburner Oxidizer Valve
Pressure Actuated Vvalve
Preburner

Propellant Bleed Valve Assembly
Chamber Pressure

Potential Critical Item

Purge Check Valves

Propellant Management Subsystem
Preburner Oxidizer Pump
Recirculation Isolation valve
Remote Power Controller

Rated Power Level

So0lid Rocket Booster

Space Shuttle Main Engine

SSME Controller
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APPENDIX B
DEFINITIONS, GROUND RULES, AND ASSUMPTIONS

B.1l Definitions

Definitions contained in NSTS 22206, Instructions For Preparation
of FMEA/CIL, 10 October 1986, were used with the following
amplifications and additions.

INTACT ABORT DEFINITIONS:

RTLS - begins at transition to OPS 6 and ends at transition
to OPS 9, post-flight

TAL - begins at declaration of the abort and ends at
transition to OPS 9, post-flight

AOA - begins at declaration of the abort and ends at
transition to OPS 9, post-flight

ATO - begins at declaration of the abort and ends at
transition to OPS 9, post-flight

CREDIBLE (CAUSE) - an event that can be predicted or expected in
anticipated operational environmental conditions. Excludes an
event where multiple failures must first occur to result in
environmental extremes

CONTINGENCY CREW PROCEDURES - procedures that are utilized beyond
the standard malfunction procedures, pocket checklists, and cue
cards

EARLY MISSION TERMINATION - termination of onorbit phase prior to
planned end of mission

EFFECTS/RATIONALE - description of the case which generated the
highest criticality

HIGHEST CRITICALITY - the highest functional criticality
determined in the phase-by-phase analysis

MAJOR MODE (MM) - major sub-mode of software operational sequence
(OPS)

MC - Memory Configuration of Primary Avionics Software System
(PASS)

MISSION - assigned performance of a specific Orbiter flight with
payload/objective accomplishments including orbit phasing and
altitude (excludes secondary payloads such as GAS cans,

middeck P/L, etc.)



MULTIPLE ORDER FAILURE - describes the failure due to a single
cause or event of all units which perform a necessary (critical)

function

OFF-NOMINAL CREW PROCEDURES =~ procedures that are utilized beyond
the standard malfunction procedures, pocket checklists, and cue

cards

OPS - software operational sequence

PRIMARY MISSION OBJECTIVES - worst case primary mission objec-
tives are equal to mission objectives

PHASE DEFINITIONS:

PRELAUNCH PHASE - begins at launch count-down Orbiter
power-up and ends at moding to OPS Major Mode 102 (liftoff)

LIFTOFF MISSION PHASE - begins at SRB ignition (MM 102) and
ends at transition out of OPS 1 (Synonymous with ASCENT)

ONORBIT PHASE - begins at transition to OPS 2 or OPS 8 and
ends at transition out of OPS 2 or OPS 8

DEORBIT PHASE - begins at transition to OPS Major Mode
301 and ends at first main landing gear touchdown

LANDING/SAFING PHASE - begins at first main gear
touchdown and ends with the completion of post-landing
safing operations
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APPENDIX B
DEFINITIONS, GROUND RULES, AND ASSUMPTIONS

IOA Project Level Ground Rules and Assumptions

The philosophy embodied in NSTS 22206, Instructions for
Preparation of FMEA/CIL, 10 October 1986, was employed with the

following amplifications and additions.

1.

The operational flight software is an accurate
implementation of the Flight System Software Requirements

(FSSRs) .

RATIONALE: Software verification is out-of-scope of
this task.

After liftoff, any parameter which is monitored by system
management (SM) or which drives any part of the Caution and
Warning System (C&W) will support passage of Redundancy
Screen B for its corresponding hardware item.

RATIONALE: Analysis of on-board parameter availability
and/or the actual monitoring by the crew
is beyond the scope of this task.

Any data employed with flight software is assumed to be
functional for the specific vehicle and specific mission
being flown.

RATIONALE: Mission data verification is out-of-scope of
this task.

All hardware (including firmware) is manufactured and
assembled to the design specifications/drawings.

RATIONALE: Acceptance and verification testing is
designed to detect and identify problems
before the item is approved for use.

All Flight Data File crew procedures will be assumed
performed as written, and will not include human error in
their performance.

RATIONALE: Failures caused by human operational error
are out-of-scope of this task.



10.

11.

All hardware analyses will, as a minimum, be performed at
the level of analysis existent within NASA/Prime Contractor
orbiter FMEA/CILs, and will be permitted to go to greater
hardware detail levels but not lesser.

RATIONALE: Comparison of IOA analysis results with
other analyses requires that both analyses
be performed to a comparable level of
detail.

vVerification that a telemetry parameter is actually
monitored during AOS by ground-based personnel is not
required.

RATIONALE: Analysis of mission-dependent telemetry
availability and/or the actual monitoring of
applicable data by ground-based personnel is
beyond the scope of this task.

The determination of criticalities per phase is based on the
worst case effect of a failure for the phase being analyzed.
The failure can occur in the phase being analyzed or in

any previous phase, whichever produces the worst case
effects for the phase of interest.

RATIONALE: Assigning phase criticalities ensures a
thorough and complete analysis.

Analysis of wire harnesses, cables, and electrical connectors
to determine if FMEAs are warranted will not be performed
nor FMEAs assessed.

RATIONALE: Analysis was substantially complete prior
to NSTS 22206 ground rule redirection.

Analysis of welds or brazed joints that cannot be inspected
will not be performed nor FMEAs assessed.

RATIONALE: Analysis was substantially complete prior
to NSTS 22206 ground rule redirection.

Emergency system or hardware will include burst discs and
will exclude the EMU Secondary Oxygen Pack (SOP), pressure
relief valves and the landing gear pyrotechnics.

RATIONALE: Clarify definition of emergency systems to
ensure consistency throughout IOA project.



APPENDIX B

B.3 SUBSYSTEM SPECIFIC GROUNDRULES AND ASSUMPTIONS

The IOA was performed to the component/assembly level of the

subsystem of the MPS. The analysis considered the worst case
effects of the hardware/functional failure on the subsystem,

mission, and crew/vehicle safety.

l.

All like and unlike redundancy will be considered in
determining functional criticality. The MPS function
is to provide delta V for the vehicle to reach orbit.
Since loss of one main engine during the early part of
ascent requires a mission abort, any failure that
results in the loss of one main engine will be
considered loss of mission (Crit 2). Since, for most
of the ascent, two engines are required for a
successful abort, loss of two or three engines will be
considered loss of life/vehicle (Crit 1).

RATIONALE: These failure modes are directly applicable
to worst case MPS subsystem component
analyses.

Only MPS Orbiter items will be analyzed for the MPS
interface to the Ground, External Tank, and the Main
Engines.

RATIONALE: Non-orbiter program hardware are not within
the scope of this task.

Aborts are assumed to be caused by loss of an engine.
Any failure within a component that can shut down an
engine could leave only one engine in operation and
therefore could lead to loss of vehicle (Crit 1).

RATIONALE: This failure mode is directly applicable to
worst case MPS subsystem component
analysis.

Undesignated or "Mil-Spec" lines in the MPS system will
not be considered as failure sources except at unwelded
component joints. The components will be identified
rom generic MPS system schematic drawing(s) vsS70-
41500X. The component connection configurations
(welded, screwed, flanged) will be determined from the
appropriate RI Specification drawing. Failure modes of
the unwelded lines will not be considered, unless
different from the failure modes of the component(s) or
system to which they are attached.

RATIONALE: Undesignated lines do not have any reference

documentation, and they are out of the
scope of this task.
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APPENDIX C
DETAILED ANALYSIS

This section contains the IOA analysis worksheets generated
during the analysis of this subsystem. The information on these
worksheets is intentionally similar to the NASA FMEAs. Each of
these sheets identifies the hardware item being analyzed, and
parent assembly, as well as the function. For each failure mode,
the possible causes are outlined, and the assessed hardware and
functional criticality for each mission phase is listed, as
described in the NSTS 22206, Instructions for Preparation of FMEA
and CIL, 10 October 1986. Finally, effects are entered at the
bottom of each sheet, and the worst case criticality is entered
at the top.

LEGEND FOR IOA ANALYSIS WORKSHEETS

Hardware Criticalities:
1 Loss of life or vehicle
2 Loss of mission or next failure of any redundant item
(Like or unlike) could cause loss of life/vehicle
3 = All others

Functional Criticalities:
1R = Redundant hardware items (like or unlike) all of which,
if failed, could cause loss of life or vehicle.
2R = Redundant hardware items (like or unlike) all of which,
if failed, could cause loss of mission.

Redundancy Screen A:

1 = Is Checked Out PreFlight

2 = Is Capable of Check Out PreFlight

3 = Not Capable of Check Out PreFlight
NA = Not Applicable

Redundancy Screens B and C:
P = Passed Screen

Failed Screen

Not Applicable

F
NA



1001
2001
3010
4010
5000
6011
7100
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INDEPENDENT ORBITER ASSESSMENT
ORBITER SUBSYSTEM ANALYSIS WORKSHEET

DATE: 11/13/86 HIGHEST CRITICALITY HDW/FUNC
SUBSYSTEM: MPS FLIGHT: 3/2R
MDAC ID: 1001 ABORT: 2/1R
ITEM: GO2 PRESSURE ISOLATION CHECK VALVE (CV18, 19, 20)

FAILURE MODE: FAILS TO OPEN, FAILS TO REMAIN OPEN
LEAD ANALYST: K.A. HOLDEN SUBSYS LEAD: A.J. MARINO

BREAKDOWN HIERARCHY:

1) MPS

2) 02 SUBSYSTEM

3) 02 TANK PRESS

4) GO2 PRESSURE ISOLATION CHECK VALVE

5)
6)
7)
8)
9)
CRITICALITIES
FLIGHT PHASE HDW/FUNC ABORT HDW/FUNC
PRELAUNCH: 3/3 RTLS: 2/1R
LIFTOFF: 3/2R TAL: 2/1R
ONORBIT: 3/3 AOA: Z/1R
DEORBIT: 3/3 ATO: 2/1R
LANDING/SAFING: 3/3
REDUNDANCY SCREENS: A [ 2 ] B[F] C[P]
LOCATION: AFT FUSELAGE

PART NUMBER: ME284-0479-0003,0023
CAUSES: CONTAMINATION, PIECE-PART STRUCTURAL FAILURE

EFFECTS/RATIONALE:

THIS VALVE SUPPLIES GO2 FROM A SSME TO PRESSURIZE THE ET LO2
TANK. THIS ULLAGE PRESSURE IS NECESSARY FOR EFFICIENT OPERATION
OF THE SSMES (THE PROPELLENT WILL RUN OUT).

THE LOSS OF ALL REDUNDANCY DURING AN ABORT WILL RESULT IN THE
1LOSS OF THE VEHICLE.

REFERENCES: VS70-41500X; SSSH DWG 10.11; OMRSD; BOOSTER SYSTEM
BRIEFS JSC-19041; MAIN PROPULSION SYSTEM WORKBOOK MPS 2102;
SHUTTLE FLIGHT OPERATIONS MANUAL JSC-12770; SEIFASSMEO SD75-SH-
02004C

REPORT DATE 01/16/87 C-2



INDEPENDENT ORBITER ASSESSMENT
ORBITER SUBSYSTEM ANALYSIS WORKSHEET

DATE: 10/10/86 HIGHEST CRITICALITY HDW/FUNC
SUBSYSTEM: MPS FLIGHT: /NA
MDAC ID: 1002 ABORT: 1/1
ITEM: GO2 PRESSURE ISOLATION CHECK VALVE (CV18, 19, 20)

FAILURE MODE: FAILS TO CLOSE, FAILS TO REMAIN CLOSED, INTERNAL
LEAKAGE

LEAD ANALYST: K.A. HOLDEN SUBSYS LEAD: A.J. MARINO

BREAKDOWN HIERARCHY:
1) MPS
2) 02 SUBSYSTEM
3) LO2 TANK PRESS
4) GO2 PRESSURE ISOLATION CHECK VALVE

6)
7)
8)
9)
CRITICALITIES
FLIGHT PHASE HDW/FUNC ABORT HDW/FUNC
PRELAUNCH: /NA RTLS: 1/1
LIFTOFF: /NA TAL: 1/1
ONORBIT: /NA AOA: 1/1
DEORBIT: /NA ATO: 1/1
LANDING/SAFING: /NA
REDUNDANCY SCREENS: A [NA ] B [NA ] C [NA ]
LOCATION: AFT FUSELAGE

PART NUMBER: ME284-0479-0003,0023
CAUSES: CONTAMINATION, PIECE-PART STRUCTURAL FAILURE

EFFECTS/RATIONALE:

THIS VALVE PREVENTS THE LOSS OF GO2 USED TO PRESSURIZE THE ET LO2
TANK THROUGH A SHUT DOWN SSME (TWO SSMES RUNING IS AN ABORT
CASE). THE LOSS OF ULLAGE PRESSURE THROUGH THIS VALVE CAN CAUSE
THE LOSS OF THE VEHICLE.

REFERENCES: VS70-41500X; SSSH DWG 10.11; OMRSD; BOOSTER SYSTEM
BRIEFS JSC~-19041; MAIN PROPULSION SYSTEM WORKBOOK MPS 2102;
SHUTTLE FLIGHT OPERATIONS MANUAL JSC-12770; SEIFASSMEO SD75-SH-
0200C

REPORT DATE 01/16/87 C=-3



INDEPENDENT ORBITER ASSESSMENT
ORBITER SUBSYSTEM ANALYSIS WORKSHEET

DATE: 11/07/86 HIGHEST CRITICALITY HDW/FUNC
SUBSYSTEM: MPS FLIGHT: 1/1
MDAC ID: 1003 ABORT: 1/1
ITEM: GO2 PRESSURE ISOLATION CHECK VALVE (CV18, 19, 20)

FAILURE MODE: EXTERNAL LEAKAGE
LEAD ANALYST: K.A. HOLDEN SUBSYS LEAD: A.J. MARINO

BREAKDOWN HIERARCHY:
1) MPS
2) 02 SUBSYSTEM
3) LO2 TANK PRESS
4) GO2 PRESSURE ISOLATION CHECK VALVE

5)
6)
7)
8)
9)
CRITICALITIES
FLIGHT PHASE HDW/FUNC ABORT HDW/FUNC
PRELAUNCH: 1/1 RTLS: 1/1
LIFTOFF: 1/1 TAL: 1/1
ONORBIT: 3/3 AOA: 1/1
DEORBIT: 3/3 ATO: 1/1
LANDING/SAFING: 3/3
REDUNDANCY SCREENS: A [NA ] B [NA ) C [NA ]
LOCATION: AFT FUSELAGE

PART NUMBER: ME284-0479-0003,0023
CAUSES: PIECE-PART STRUCTURAL FAILURE

EFFECTS/RATIONALE:

THIS VALVE SUPPLIES GO2 FROM A SSME TO PRESSURIZE THE ET LO2
TANK.

A GO2 LEAK IS A FIRE/EXPLOSION HAZARD (LOSS OF VEHICLE).

REFERENCES: VS70-41500X; SSSH DWG 10.11; OMRSD; BOOSTER SYSTEM
BRIEFS JSC-19041; MAIN PROPULSION SYSTEM WORKBOOK MPS 2102;
SHUTTLE FLIGHT OPERATIONS MANUAL JSC-12770; SEIFASSMEO SD75-SH-
0200C

REPORT DATE 01/16/87 C-4



INDEPENDENT ORBITER ASSESSMENT
ORBITER SUBSYSTEM ANALYSIS WORKSHEET

DATE: 10/20/86 HIGHEST CRITICALITY HDW/FUNC
SUBSYSTEM: MPS FLIGHT: 1/1
MDAC ID: 1004 ABORT: /NA
ITEM: GO2 PRESSURE ISOLATION CHECK VALVE (CV18, 19 20)

FAILURE MODE: FAILS TO CLOSE
LEAD ANALYST: K.A. HOLDEN SUBSYS LEAD: A.J. MARINO

BREAKDOWN HIERARCHY:

1) MPs

2) 02 SUBSYSTEM

3) LO2 SSME INTERFACE

4) GO2 PRESSURE ISOLATION CHECK VALVE

5)
6)
7)
8)
9)
CRITICALITIES
FLIGHT PHASE HDW/FUNC ABORT HDW/FUNC
PRELAUNCH: 1/1 RTLS: /NA
LIFTOFF: /NA TAL: /NA
ONORBIT: /NA AOA: /NA
DEORBIT: /NA ATO: /NA
LANDING/SAFING: /NA
REDUNDANCY SCREENS: A [NA ] B [NA ] C [NA ]
LOCATION: AFT FUSELAGE

PART NUMBER: ME284-0479-0003,0023
CAUSES: CONTAMINATION, PIECE-PART STRUCTURAL FAILURE

EFFECTS/RATIONALE:

IF THIS VALVE IS OPEN DURING THE PRELAUNCH PHASE, HELIUM SUPPLIED
FROM THE GROUND TO PRESSURIZE THE ET LO2 TANK CAN ENTER THE SSME
AND RUPTURE THE HEAT EXCHANGER. THE RESULT CAN BE A
FIRE/EXPLOSION IN THE SSME. (LOSS OF VEHICLE)

REFERENCES: VS70-41500X; SSSH DWG 10.11; OMRSD; BOOSTER SYSTEM
BRIEFS JSC-19041; MAIN PROPULSION SYSTEM WORKBOOK MPS 2102;
SHUTTLE FLIGHT OPERATIONS MANUAL JSC-12770; SEIFASSMEO SD75-SH-
0200C7

REPORT DATE 01/16/87 c-5



INDEPENDENT ORBITER ASSESSMENT
ORBITER SUBSYSTEM ANALYSIS WORKSHEET

DATE: 11/07/86 HIGHEST CRITICALITY HDW/FUNC
SUBSYSTEM: MPS FLIGHT: 1/1
MDAC ID: 1005 ABORT: 1/1
ITEM: GO2 DPRESSURE ISOLATION CHECK VALVE (CV18, 19, 20)

FAILURE MODE: FAILS TO OPEN, FAILS TO REMAIN OPEN
LEAD ANALYST: K.A. HOLDEN SUBSYS LEAD: A.J. MARINO

BREAKDOWN HIERARCHY:

1) MPS

2) ©O2 SUBSYSTEM

3) LO2 SSME INTERFACE

4) GO2 PRESSURE ISOLATION CHECK VALVE

5)

6)

7)

8)

9)

CRITICALITIES
FLIGHT PHASE HDW/FUNC ABORT HDW/FUNC

PRELAUNCH: 3/3 RTLS: 1/1
LIFTOFF: 1/1 TAL: 1/1
ONORBIT: 3/3 AOA: 1/1
DEORBIT: 3/3 ATO: 1/1
LANDING/SAFING: 3/3

REDUNDANCY SCREENS: A [NA ] B [NA ] C [NA ]

LOCATION: AFT FUSELAGE

PART NUMBER: ME284-0479-0003,0023
CAUSES: CONTAMINATION, PIECE-PART FAILURE

EFFECTS/RATIONALE:

THE LAUNCH WILL BE DELAYED IF THIS VALVE DOES NOT OPEN BEFORE
LIFTOFF.

IF THE CHECK VALVE DOES NOT OPEN, THE PRESSURE CAUSED BY THE
TRAPPED GO2 WILL RUPTURE THE HEAT EXCHANGER. THE RESULT CAN BE A
FIRE/EXPLOSION IN THE SSME. (LOSS OF VEHICLE)

REFERENCES: VS70-41500X; SSSH DWG 10.11; OMRSD; BOOSTER SYSTEM
BRIEFS JSC-19041; MAIN PROPULSION SYSTEM WORKBOOK MPS 2102;
SHUTTLE FLIGHT OPERATIONS MANUAL JSC-12770; SEIFASSMEO SD75-SH-
0200C7

REPORT DATE 01/16/87 Cc-6



INDEPENDENT ORBITER ASSESSMENT
ORBITER SUBSYSTEM ANALYSIS WORKSHEET

DATE: 10/20/86 HIGHEST CRITICALITY HDW/FUNC
SUBSYSTEM: MPS FLIGHT: 1/1
MDAC ID: 1006 ABORT: 1/1
ITEM: GO2 PRESSURE ISOLATION CHECK VALVE (CV18, 19, 20)

FAILURE MODE: SPONTANEOUS IGNITION IN/OF PART
LEAD ANALYST: K.A. HOLDEN SUBSYS LEAD: A.J. MARINO

BREAKDOWN HIERARCHY:
1) MPs
2) 02 SUBSYSTEM
3) LO2 SSME INTERFACE
4) GO2 PRESSURE ISOLATION CHECK VALVE

6)
7)
8)
9)
CRITICALITIES
FLIGHT PHASE HDW/FUNC ABORT HDW/FUNC
PRELAUNCH: 1/1 RTLS: 1/1
LIFTOFF: 1/1 TAL: 1/1
ONORBIT: 3/3 AOA: 1/1
DEORBIT: 3/3 ATO: 1/1
LANDING/SAFING: 3/3
REDUNDANCY SCREENS: A [NA ] B [NA ] C [NA ]
LOCATION: AFT FUSELAGE

PART NUMBER: ME284-0479-0003,0023
CAUSES: CONTAMINATION

EFFECTS/RATIONALE:

A FIRE CAN BE STARTED BY SPONTANEOUS IGNITION OF A CONTAMINATE
PARTICLE. THE IMPACT OF A CONTAMINATE PARTICLE CAN SUPPLY ENOUGH
ENERGY TO START THE VALVE ON FIRE. THIS IS A PURE 02 ATMOSPHERE
EFFECT.

THE FIRE COULD SPREAD CAUSING A LARGER FIRE/EXPLOSION IN THE
SSME. (LOSS OF VEHICLE)

REFERENCES: VS70-41500X; SSSH DWG 10.11; OMRSD; BOOSTER SYSTEM
BRIEFS JSC-19041; MAIN PROPULSION SYSTEM WORKBOOK MPS 2102;
SHUTTLE FLIGHT OPERATIONS MANUAL JSC-12770; SEIFASSMEO SD75-SH-
0200C; PROBLEM REPORT NO AC8335-01

REPORT DATE 01/16/87 c=7



INDEPENDENT ORBITER ASSESSMENT
ORBITER SUBSYSTEM ANALYSIS WORKSHEET

DATE: 11/07/86 HIGHEST CRITICALITY HDW/FUNC
SUBSYSTEM: MPS FLIGHT: 3/3
MDAC ID: 1011 ABORT: /NA
ITEM: 102 TANK PRE-PRESS CHECK VALVE (CV16)

FAILURE MODE: FAILS TO OPEN, FAILS TO REMAIN OPEN
LEAD ANALYST: K.A. HOLDEN SUBSYS LEAD: A.J. MARINO

BREAKDOWN HIERARCHY:

1) MPS

2) 02 SUBSYSTEM

3) 102 TANK PRESS

4) 102 TANK PRE-PRESS CHECK VALVE

5)
6)
7)
8)
9)
CRITICALITIES
FLIGHT PHASE HDW/FUNC ABORT HDW/FUNC
PRELAUNCH: 3/3 RTLS: /NA
LIFTOFF: /NA TAL: /NA
ONORBIT: /NA AOA: /NA
DEORBIT: /NA ATO: /NA
LANDING/SAFING: /NA
REDUNDANCY SCREENS: A [NA ] B [NA ] C [NA ]
LOCATION: AFT FUSELAGE

PART NUMBER: ME284-0472-0005
CAUSES: CONTAMINATION, PIECE~PART STRUCTURAL FAILURE
EFFECTS/RATIONALE:

IF THIS CHECK VALVE FAILS TO OPEN DURING PRELAUNCH, THE ET LO2
TANK WILL NOT BE PRESSURIZED. THE LAUNCH WILL BE DELAYED.

REFERENCES: VS70-41500X; SSSH DWG 10.11; OMRSD; BOOSTER SYSTEM
BRIEFS JSC-19041; MAIN PROPULSION SYSTEM WORKBOOK MPS 2102;
SHUTTLE FLIGHT OPERATIONS MANUAL JSC=-12770

REPORT DATE 01/16/87 c-8



INDEPENDENT ORBITER ASSESSMENT
ORBITER SUBSYSTEM ANALYSIS WORKSHEET

DATE: 11/13/86 HIGHEST CRITICALITY HDW/FUNC
SUBSYSTEM: MPS FLIGHT: 3/2R
MDAC ID: 1012 ABORT: 2/1R
ITEM: LO2 TANK PRE-PRESS CHECK VALVE (CV16)

FAILURE MODE: FAILS TO CLOSE, FAILS TO REMAIN CLOSED, INTERNAL
LEAKAGE

LEAD ANALYST: K.A. HOLDEN SUBSYS LEAD: A.J. MARINO

BREAKDOWN HIERARCHY:

l) MPS

2) 02 SUBSYSTEM

3) LO2 TANK PRESS

4) LO2 TANK PRE-PRESS CHECK VALVE

6)
7)
8)
9)
CRITICALITIES
FLIGHT PHASE HDW/FUNC ABORT HDW/FUNC
PRELAUNCH: 3/3 RTLS: 2/1R
LIFTOFF: 3/2R TAL: 2/1R
ONORBIT: 3/3 AOA: 2/1R
DEORBIT: 3/3 ATO: 2/1R
LANDING/SAFING: 3/3
REDUNDANCY SCREENS: A [ 2 ] B[F] C[P]
LOCATION: AFT FUSELAGE

PART NUMBER: ME284-0472-0005
CAUSES: CONTAMINATION, PIECE-PART STRUCTURAL FAILURE

EFFECTS/RATIONALE:

ULLAGE PRESSURE IS NECESSARY FOR EFFICIENT OPERATION OF THE
SSMES. THE LOSS OF ALL REDUNDANCY WILL RESULT IN LOSS OF THE
MISSION (NOT ENOUGH PROPELLENT).

IF THIS FAILURE OCCURS DURING AN ABORT, THE VEHICLE WILL BE LOST.

REFERENCES: VS70-41500X; SSSH DWG 10.11; OMRSD; BOOSTER SYSTEM
BRIEFS JSC-~19041; MAIN PROPULSION SYSTEM WORKBOOK MPS 2102;
SHUTTLE FLIGHT OPERATIONS MANUAL JSC-12770; SEIFASSMEO SD75-SH-
0200C

REPORT DATE 01/16/87 Cc-9



INDEPENDENT ORBITER ASSESSMENT
ORBITER SUBSYSTEM ANALYSIS WORKSHEET

DATE: 11/13/86 HIGHEST CRITICALITY HDW/FUNC
SUBSYSTEM: MPS FLIGHT: 2/2
MDAC ID: 1013 ABORT: 1/1
ITEM: 102 TANK PRE-PRESS CHECK VALVE (CV16)

FAILURE MODE: SPONTANEOUS IGNITION IN/OF PART
LEAD ANALYST: K.A. HOLDEN SUBSYS LEAD: A.J. MARINO

BREAKDOWN HIERARCHY:
1) MPS

2) 02 SUBSYSTEM

3) LO2 TANK PRESS

4) 102 TANK PRE-PRESS CHECK VALVE

5)
6)
7)
8)
9)
CRITICALITIES
FLIGHT PHASE HDW/FUNC ABORT HDW/FUNC
PRELAUNCH: 3/3 RTLS: 1/1
LIFTOFF: - 2/2 TAL: 1/1
ONORBIT: 3/3 AOA: 1/1
DEORBIT: 3/3 ATO: 1/1
LANDING/SAFING: 3/3
REDUNDANCY SCREENS: A [NA ] B [NA ] C [NA ]
LOCATION: AFT FUSELAGE

PART NUMBER: ME284-0472-0005
CAUSES: CONTAMINATION

EFFECTS/RATIONALE:

A FIRE CAN BE STARTED BY SPONTANEOUS IGNITION OF A CONTAMINATE
PARTICLE. THE IMPACT OF A CONTAMINATE PARTICLE ON THE VALVE CAN
SUPPLY ENOUGH ENERGY TO START THE VALVE ON FIRE. THIS IS A PURE
02 ATMOSPHERE EFFECT. (FIRE HAZARD)

BURN THROUGH OF THIS VALVE WILL CAUSE LOSS OF ULLAGE PRESSURE.
THE PROPELLENT WILL RUN OUT (LESS EFFICIENT SSME OPERATIONS).
THE VEHICLE WILL BE LOST IF THIS HAPPENS DURING AN ABORT.

REFERENCES: VS70-41500X; SSSH DWG 10.11; OMRSD; BOOSTER SYSTEM
BRIEFS JSC-19041; MAIN PROPULSION SYSTEM WORKBOOK MPS 2102;
SHUTTLE FLIGHT OPERATIONS MANUAL JSC-12770; NO PROBLEM REPORT NO.
AC8335-01; SEIFASSMEO SD75-SH-0200C

REPORT DATE 01/16/87 c-10



INDEPENDENT ORBITER ASSESSMENT
ORBITER SUBSYSTEM ANALYSIS WORKSHEET

DATE: 11/13/86 HIGHEST CRITICALITY HDW/FUNC
SUBSYSTEM: MPS FLIGHT: 1/1
MDAC 1ID: 1014 ABORT: 1/1
ITEM: LO2 TANK PRE-PRESS CHECK VALVE (CV16)

FAILURE MODE: SPONTANEOUS IGNITION IN/OF PART
LEAD ANALYST: K.A. HOLDEN SUBSYS LEAD: A.J. MARINO

BREAKDOWN HIERARCHY:

1) MPs

2) 02 SUBSYSTEM

3) SSME INTERFACE

4) LO2 TANK PRE-PRESS CHECK VALVE

5)
6)
7)
8)
9)
CRITICALITIES
FLIGHT PHASE HDW/FUNC ABORT HDW/FUNC
PRELAUNCH: 1/1 RTLS: 1/1
LIFTOFF: 1/1 TAL: 1/1
ONORBIT: 3/3 AOA: 1/1
DEORBIT: 3/3 ATO: 1/1
LANDING/SAFING: 3/3
REDUNDANCY SCREENS: A [NA ) B [NA ] C [NA ]
LOCATION: AFT FUSELAGE

PART NUMBER: ME284-0472-0005
CAUSES: CONTAMINATION

EFFECTS/RATIONALE:

A FIRE CAN BE STARTED BY SPONTANEOUS IGNITION OF A CONTAMINATE
PARTICLE. THE IMPACT OF A CONTAMINATE PARTICLE ON THE VALVE CAN
SUPPLY ENOUGH ENERGY TO START THE VALVE ON FIRE. THIS IS A PURE
02 ATMOSPHERE EFFECT.

THE VEHICLE WILL BE LOST IF THE FIRE SPREADS TO A SSME, CAUSING A
LARGER FIRE/EXPLOSION.

REFERENCES: VS70-41500X; SSSH DWG 10.11; OMRSD; BOOSTER SYSTEM
BRIEFS JSC-19041; MAIN PROPULSION SYSTEM WORKBOOK MPS 2102;
SHUTTLE FLIGHT OPERATIONS MANUAL JSC-12770; NO PROBLEM REPORT NO.
AC8335-01; SEIFASSMEO SD75-SH-0200C

REPORT DATE 01/16/87 C-11



INDEPENDENT ORBITER ASSESSMENT
ORBITER SUBSYSTEM ANALYSIS WORKSHEET

DATE: 11/07/86 HIGHEST CRITICALITY HDW/FUNC
SUBSYSTEM: MPS FLIGHT: 1/1
MDAC ID: 1021 ABORT: 1/1
ITEM: LO2 BLEED CHECK VALVE (CV31, 33, 35)

FAILURE MODE: FAILS TO OPEN, FAILS TO REMAIN OPEN
LEAD ANALYST: K.A. HOLDEN SUBSYS LEAD: A.J. MARINO

BREAKDOWN HIERARCHY:
1) MPS

2) 02 SUBSYSTEM

3) Pogo SUPPRESSION

4) 102 BLEED CHECK VALVE

5)
6)
7)
8)
9)
CRITICALITIES
FLIGHT PHASE HDW/FUNC ABORT HDW/FUNC
PRELAUNCH: 1/1 RTLS: 1/1
LIFTOFF: 1/1 TAL: 1/1
ONORBIT: 3/3 AOA: 1/1
DEORBIT: 3/3 ATO: 1/1
LANDING/SAFING: 3/3
REDUNDANCY SCREENS: A [NA ] B [NA ] C [NA ]
LOCATION: AFT FUSELAGE

PART NUMBER: MC284-0515-0002,0003
CAUSES: CONTAMINATION, PIECE-PART STRUCTURAL FAILURE

EFFECTS/RATIONALE:

THESE VALVES SUPPLY LO2 TO THE POGO SUPPRESSION SYSTEM.

FAILURE OF THE POGO SUPPRESSION SYSTEM ON ONE OR MORE ENGINES
COULD RESULT IN STRUCTURAL OSCILLATIONS AND FEEDLINE PRESSURES OF
UNPREDICTABLE AMPLITUDE WHICH CAN LEAD TO THE LOSS OF THE
VEHICLE.

REFERENCES: VS70-41500X; SSSH DWG 10.11; OMRSD; BOOSTER SYSTEM
BRIEFS JSC-19041; MAIN PROPULSION SYSTEM WORKBOOK MPS 2102;
SHUTTLE FLIGHT OPERATIONS MANUAL JSC-12770; SEIFASSMEO SD75-SH-
0200C

REPORT DATE 01/16/87 c-12



INDEPENDENT ORBITER ASSESSMENT
ORBITER SUBSYSTEM ANALYSIS WORKSHEET

DATE: 11/13/86 HIGHEST CRITICALITY HDW/FUNC
SUBSYSTEM: MPS FLIGHT: 2/1R
MDAC ID: 1022 ABORT: 2/1R
ITEM: 102 BLEED CHECK VALVE (CV31, 33, 35)

FAILURE MODE: FAILS TO OPEN, FAILS TO REMAIN OPEN
LEAD ANALYST: K.A. HOLDEN SUBSYS LEAD: A.J. MARINO

BREAKDOWN HIERARCHY:
1) MPS

2) 02 SUBSYSTEM

3) LO2 DUMP & PURGE

4) LO2 BLEED CHECK VALVE

5)
6)
7)
8)
9)
CRITICALITIES
FLIGHT PHASE HDW/FUNC ABORT HDW/FUNC
PRELAUNCH: /NA RTLS: 2/1R
LIFTOFF: 3/3 TAL: 2/1R
ONORBIT: 3/3 AOA: 2/1R
DEORBIT: 2/1R ATO: 2/1R
LANDING/SAFING: 3/3
REDUNDANCY SCREENS: A [ 2 ] B[F)] C[P]
LOCATION: AFT FUSELAGE

PART NUMBER: MC284-0515-0002,0003
CAUSES: CONTAMINATION, PIECE-PART STRUCTURAL FAILURE

EFFECTS/RATIONALE:

FAILURE OF THIS VALVE TO OPEN DURING THE DUMP WILL LEAVE 1O2
TRAPPED IN A SSME. LO2 TRAPPED IN TWO OR THREE SSMES WILL
VIOLATE THE AFT CG LIMIT. THEREFORE LOSS OF ALL REDUNDANCY WILL
RESULT IN LOSS OF THE VEHICLE DURING LANDING.

REFERENCES: VS70-41500X; SSSH DWG 10.11; OMRSD; BOOSTER SYSTEM
BRIEFS JSC-19041; MAIN PROPULSION SYSTEM WORKBOOK MPS 2102;
SHUTTLE FLIGHT OPERATIONS MANUAL JSC-12770

REPORT DATE 01/16/87 C-13



INDEPENDENT ORBITER ASSESSMENT
ORBITER SUBSYSTEM ANALYSIS WORKSHEET

DATE: 11/13/86 HIGHEST CRITICALITY HDW/FUNC
SUBSYSTEM: MPS FLIGHT: 3/2R
MDAC ID: 1023 ABORT: 2/1R
ITEM: LO2 BLEED CHECK VALVE (CV3l, 33, 35)

FAILURE MODE: FAILS TO OPEN, FAILS TO REMAIN OPEN
LEAD ANALYST: K.A. HOLDEN SUBSYS LEAD: A.J. MARINO

BREAKDOWN HIERARCHY:
1) MPS

2) 02 SUBSYSTEM

3) LO2 SSME INTERFACE

4) LO2 BLEED CHECK VALVE

5)
6)
7)
8)
9)
CRITICALITIES
FLIGHT PHASE HDW/FUNC ABORT HDW/FUNC
PRELAUNCH: 3/3 RTLS: 2/1R
LIFTOFF: 3/2R TAL: 2/1R
ONORBIT: 3/3 AOA: 2/1R
DEORBIT: 3/3 ATO: 2/1R
LANDING/SAFING: 3/3
REDUNDANCY SCREENS: A [ 2 ] B[F ] C[P]
LOCATION: AFT FUSELAGE

PART NUMBER: MC284-0515-0002,0003
CAUSES: CONTAMINATION, PIECE-PART STRUCTURAL FAILURE

EFFECTS/RATIONALE:

FAILURE OF A LO2 BLEED CHECK VALVE WILL CAUSE LO2 PUMP CAVITATION
LEADING TO SSME SHUTDOWN.

THE LOSS AF ALL REDUNDANCY DURING AN ABORT CAN LEAD TO THE LOSS
OF THE VEHICLE.

REFERENCES: VS70-41500X; SSSH DWG 10.11; OMRSD; BOOSTER SYSTEM
BRIEFS JSC-19041; MAIN PROPULSION SYSTEM WORKBOOK MPS 2102;
SHUTTLE FLIGHT OPERATIONS MANUAL JSC-12770; SEIFASSMEO SD75-SH-
0200C

REPORT DATE 01/16/87 C-14



INDEPENDENT ORBITER ASSESSMENT
ORBITER SUBSYSTEM ANALYSIS WORKSHEET

DATE: 11/13/86 HIGHEST CRITICALITY HDW/FUNC
SUBSYSTEM: MPS FLIGHT: 1/1
MDAC ID: 1024 ABORT: 1/1
ITEM: LO2 BLEED CHECK VALVE (CV31l, 33, 35)

FAILURE MODE: FAILS TO CLOSE, FAILS TO REMAIN CLOSED, INTERNAL
LEARKAGE

LEAD ANALYST: K.A. HOLDEN SUBSYS LEAD: A.J. MARINO

BREAKDOWN HIERARCHY:
1) MPS
2) 02 SUBSYSTEM
3) LO2 SSME INTERFACE
4) L02 BLEED CHECK VALVE

5)
6)
7)
8)
9)
CRITICALITIES
FLIGHT PHASE HDW/FUNC ABORT HDW/FUNC
PRELAUNCH: 1/1 RTLS: 1/1
LIFTOFF: 1/1 TAL: 1/1
ONORBIT: 3/3 AOA: 1/1
DEORBIT: 3/3 ATO: 1/1
LANDING/SAFING: 3/3
REDUNDANCY SCREENS: A [NA ] B [NA ] C [NA )
LOCATION: AFT FUSELAGE

PART NUMBER: MC284-0515-0002,0003
CAUSES: CONTAMINATION, PIECE-PART STRUCTURAL FAILURE

EFFECTS/RATIONALE:

A FAILURE OF THIS VALVE TO REMAIN CLOSED DURING ENGINE OPERATION
COULD CAUSE RUPTURE OF THE ENGINE AND/OR ORBITER LO2 BLEED LINE.
THE RESULTING FIRE/EXPLOSION WILL DESTROY THE VEHICLE.

REFERENCES: VS70-41500X; SSSH DWG 10.11; OMRSD; BOOSTER SYSTEM
BRIEFS JSC-19041; MAIN PROPULSION SYSTEM WORKBOOK MPS 2102;
SHUTTLE FLIGHT OPERATIONS MANUAL JSC-12770; SEIFASSMEO SD75-SH-
0200C

REPORT DATE 01/16/87 C-15



INDEPENDENT ORBITER ASSESSMENT
ORBITER SUBSYSTEM ANALYSIS WORKSHEET

DATE: 10/10/86 HIGHEST CRITICALITY HDW/FUNC
SUBSYSTEM: MPS FLIGHT: /NA
MDAC ID: 1025 ABORT: 1/1
ITEM: 102 BLEED CHECK VALVE (CV31l, 33, 35)

FAILURE MODE: FAILS TO CLOSE, FAILS TO REMAIN CLOSED, INTERNAL
LEARAGE

LEAD ANALYST: K.A. HOLDEN SUBSYS LEAD: A.J. MARINO

BREAKDOWN HIERARCHY:
1) MPS
2) 02 SUBSYSTEM
3) LO2 PROPELLENT FEED
4) LO2 BLEED CHECK VALVE

5)
6)
7)
8)
9)
CRITICALITIES
FLIGHT PHASE HDW/FUNC ABORT HDW/FUNC
PRELAUNCH: /NA RTLS: 1/1
LIFTOFF: /NA , TAL: 1/1
ONORBIT: /NA AOA: 1/1
DEORBIT: /NA ATO: 1/1
LANDING/SAFING: /NA
REDUNDANCY SCREENS: A [NA ] B [NA ] C [NA ]
LOCATION: AFT FUSELAGE

PART NUMBER: MC284-0515-0002,0003
CAUSES: CONTAMINATION, PIECE-PART STRUCTURAL FAILURE

EFFECTS/RATIONALE:

THIS VALVE PREVENTS THE LOSS OF 102 THROUGH A SHUTDOWN SSME (TWO
SSMES RUNING IS AN ABORT CASE). THIS LOSS OF 102 CAN CAUSE THE
LOSS OF THE VEHICLE (NOT ENOUGH PROPELLENT TO FINISH THE ABORT).
THE LO2 LOST THROUGH THE SHUTDOWN SSME IS FROM THE POGO
SUPPRESSION SYSTEM. FAILURE OF THIS POGO SUPPRESSION SYSTEM CAN
ALSO LEAD TO THE DESTRUCTION OF THE VEHICLE.

REFERENCES: VS70-41500X; SSSH DWG 10.11; OMRSD; BOOSTER SYSTEM
BRIEFS JSC-19041; MAIN PROPULSION SYSTEM WORKBOOK MPS 2102;
SHUTTLE FLIGHT OPERATIONS MANUAL JSC-12770

REPORT DATE 0l1/16/87 C-16



INDEPENDENT ORBITER ASSESSMENT
ORBITER SUBSYSTEM ANALYSIS WORKSHEET

DATE: 11/13/86 HIGHEST CRITICALITY HDW/FUNC
SUBSYSTEM: MPS FLIGHT: 2/1R
MDAC ID: 1026 ABORT: 2/1R
ITEM: LO2 BLEED CHECK VALVE (CV31l, 33, 35)

FAILURE MODE: FAILS TO OPEN
LEAD ANALYST: K.A. HOLDEN SUBSYS LEAD: A.J. MARINO

BREAKDOWN HIERARCHY:
1) MPS
2) 02 SUBSYSTEM
3) LO2 PROPELLENT FEED
4) 102 BLEED CHECK VALVE

5)
6)
7)
8)
9)
CRITICALITIES
FLIGHT PHASE HDW/FUNC ABORT HDW/FUNC
PRELAUNCH: /NA RTLS: 2/1R
LIFTOFF: 2/2R TAL: 2/1R
ONORBIT: 2/2R AOA: 2/1R
DEORBIT: 2/1R ATO: 2/1R
LANDING/SAFING: 3/3
REDUNDANCY SCREENS: A [ 2 ] B[F] C[P]
LOCATION: AFT FUSELAGE

PART NUMBER: MC284-0515-0002,0003
CAUSES: CONTAMINATION, PIECE-PART STRUCTURAL FAILURE

EFFECTS/RATIONALE:

THIS CASE APPLIES FROM AFTER MECO AND BEFORE THE MPS DUMP. THE
UNLIKE REDUNDANT PART IS THE PREVALVE RELIEF VALVE. THE LOSS OF
ALL REDUNDANCY MAY CAUSE THE PROPELLENT FEED LINE (BETWEEN THE
PREVALVE AND THE SSME) TO RUPTURE.

THE RESULTING OVERPRESSURIZATION OF THE AFT FUSELAGE WILL CAUSE
THE LOSS OF THE MISSION IN THE ONORBIT MISSION PHASES AND THE
LOSS OF THE VEHICLE DURING THE DEORBIT MISSION PHASE.

REFERENCES: VS70-41500X; SSSH DWG 10.11; OMRSD; BOOSTER SYSTEM
BRIEFS JSC-19041; MAIN PROPULSION SYSTEM WORKBOOK MPS 2102;
SHUTTLE FLIGHT OPERATIONS MANUAL JSC-12770

REPORT DATE 01/16/87 c-17



INDEPENDENT ORBITER ASSESSMENT
ORBITER SUBSYSTEM ANALYSIS WORKSHEET

DATE: 11/07/86 HIGHEST CRITICALITY HDW/FUNC
SUBSYSTEM: MPS FLIGHT: 3/3
MDAC ID: 1027 ABORT: /NA
ITEM: 102 BLEED CHECK VALVE (CV31, 33, 35)

FAILURE MODE: FAILS TO CLOSE, FAILS TO REMAIN CLOSED, INTERNAL
LEAKAGE

LEAD ANALYST: K.A. HOLDEN SUBSYS LEAD: A.J. MARINO

BREAKDOWN HIERARCHY:

1) MPS

2) 02 SUBSYSTEM

3) FILL & DRAIN

4) 102 BLEED CHECK VALVE

5)
6)
7)
8)
9)
CRITICALITIES
FLIGHT PHASE HDW/FUNC - ABORT HDW/FUNC
PRELAUNCH: 3/3 RTLS: /NA
LIFTOFF: /NA TAL: /NA
ONORBIT: /NA AOA: /NA
DEORBIT: /NA ATO: /NA
LANDING/SAFING: /NA
REDUNDANCY SCREENS: A [NA ] B [NA ] C [NA )
LOCATION: AFT FUSELAGE

PART NUMBER: MC284-0515-0002,0003
CAUSES: CONTAMINATION, PIECE-PART STRUCTURAL FAILURE
EFFECTS/RATIONALE:

THIS CHECK VALVE MUST BE CLOSED PRIOR TO SSME IGNITION. FAILURE
WILL DELAY THE LAUNCH.

REFERENCES: VS70-41500X; SSSH DWG 10.11; OMRSD; BOOSTER SYSTEM
BRIEFS JSC-19041; MAIN PROPULSION SYSTEM WORKBOOK MPS 2102;
SHUTTLE FLIGHT OPERATIONS MANUAL JSC-12770

REPORT DATE 01/16/87 C-18



INDEPENDENT ORBITER ASSESSMENT
ORBITER SUBSYSTEM ANALYSIS WORKSHEET

DATE: 11/07/86 HIGHEST CRITICALITY HDW/FUNC
SUBSYSTEM: MPS FLIGHT: 3/3
MDAC ID: 1028 ABORT: /NA
ITEM: LO2 BLEED CHECK VALVE (CV31, 33, 35)

FAILURE MODE: FAILS TO OPEN, FAILS TO REMAIN OPEN
LEAD ANALYST: K.A. HOLDEN SUBSYS LEAD: A.J. MARINO

BREAKDOWN HIERARCHY:
1) MPS

2) 02 SUBSYSTEM

3) FILL & DRAIN

4) LO2 BLEED CHECK VALVE

5)
6)
7)
8)
9)
CRITICALITIES
FLIGHT PHASE HDW/FUNC ABORT HDW/FUNC
PRELAUNCH: 3/3 RTLS: /NA
LIFTOFF: /NA TAL: /NA
ONORBIT: /NA AOA: /NA
DEORBIT: /NA ATO: /NA
LANDING/SAFING: /NA
REDUNDANCY SCREENS: A [NA ] B [NA ) C [NA ]
LOCATION: AFT FUSELAGE

PART NUMBER: MC284-0515-0002,0003
CAUSES: CONTAMINATION, PIECE-PART STRUCTURAL FAILURE
EFFECTS/RATIONALE:

THIS CHECK VALVE MUST BE OPEN TO CHILLDOWN THE SSMES DURING
PRELAUNCH. FAILURE WILL DELAY THE LAUNCH.

REFERENCES: VS70-41500X; SSSH DWG 10.11; OMRSD; BOOSTER SYSTEM
BRIEFS JSC-19041; MAIN PROPULSION SYSTEM WORKBOOK MPS 2102;
SHUTTLE FLIGHT OPERATIONS MANUAL JSC-12770

REPORT DATE 01/16/87 C-19



INDEPENDENT ORBITER ASSESSMENT
ORBITER SUBSYSTEM ANALYSIS WORKSHEET

DATE: 11/13/86 HIGHEST CRITICALITY HDW/FUNC
SUBSYSTEM: MPS FLIGHT: 3/2R
MDAC ID: 1031 ABORT: 2/1R
ITEM: GO2 PRESSURE FLOW CONTROL VALVE (LV53, 54, 55)

FAILURE MODE: RESTRICTED FLOW
LEAD ANALYST: K.A. HOLDEN SUBSYS LEAD: A.J. MARINO

BREAKDOWN HIERARCHY:
1) MPS
2) 02 SUBSYSTEM
3) LO2 TANK PRESS
4) GO2 PRESSURE FLOW CONTROL VALVE

5)
6)
7)
8)
9)
CRITICALITIES
FLIGHT PHASE HDW/FUNC ABORT HDW/FUNC
PRELAUNCH: 3/3 RTLS: 2/1R
LIFTOFF: 3/2R TAL: 2/1R
ONORBIT: 3/3 AOA: 2/1R
DEORBIT: 3/3 ATO: 2/1R
LANDING/SAFING: 3/3
REDUNDANCY SCREENS: A [ 2 ] B[F] C[P]
LOCATION: AFT FUSELAGE

PART NUMBER: MC280-0017-0018,0024,0028
CAUSES: CONTAMINATION, PIECE~-PART STRUCTURAL FAILURE

EFFECTS/RATIONALE:

TWO OF THE THREE (ONE FOR EACH SSME) VALVES ARE NECESSARY TO
PRESSURIZE THE ET 102 TANK. THE ET LO2 TANK ULLAGE PRESSURE IS
NECESSARY FOR EFFICIENT OPERATION OF THE SSMES (NOT ENOUGH
PROPELLENT TO FINISH THE MISSION).

FLOW THROUGH BOTH ORIFICES IS NECESSARY FOR PROPER OPERATION OF
THIS VALVE. CONTAMINATE PARTICLES CAN CLOG ONE AND/OR BOTH
ORIFICES IN THIS VALVE. THE LOSS OF ALL REDUNDANCY DURING AN
ABORT CAN LEAD TO THE LOSS OF THE VEHICLE.

REFERENCES: VS70-41500X; SSSH DWG 10.11; OMRSD; BOOSTER SYSTEM
BRIEFS JSC-19041; SHUTTLE FLIGHT OPERATIONS MANUAL JSC-12770; MPS
2102; SEIFASSMEO SD75-SH-0200C

REPORT DATE 01/16/87 c-20



INDEPENDENT ORBITER ASSESSMENT
ORBITER SUBSYSTEM ANALYSIS WORKSHEET

DATE: 11/13/86 HIGHEST CRITICALITY HDW/FUNC
SUBSYSTEM: MPS FLIGHT: 3/2R
MDAC ID: 1032 ABORT: 2/1R
ITEM: GO2 PRESSURE FLOW CONTROL VALVE (LV53, 54, 55)

FAILURE MODE: FAILS TO OPEN, FAILS TO REMAIN OPEN
LEAD ANALYST: K.A. HOLDEN SUBSYS LEAD: A.J. MARINO

BREAKDOWN HIERARCHY:
1) MPS
2) 02 SUBSYSTEM
3) LO2 TANK PRESS
4) GO2 PRESSURE FLOW CONTROL VALVE

6)
7)
8)
9)
CRITICALITIES
FLIGHT PHASE HDW/FUNC ABORT HDW/FUNC
PRELAUNCH: 3/3 RTLS: 2/1R
LIFTOFF: 3/2R TAL: 2/1R
ONORBIT: 3/3 AOA: 2/1R
DEORBIT: 3/3 ATO: 2/1R
LANDING/SAFING: 3/3
REDUNDANCY SCREENS: A [ 2 ] B[F] C[P)]
LOCATION: AFT FUSELAGE

PART NUMBER: MC280-~-0017-0018,0024,0028
CAUSES: CONTAMINATION, PIECE-PART STRUCTURAL FAILURE

EFFECTS/RATIONALE:

TWO OF THE THREE (ONE FOR EACH SSME) VALVES ARE NECESSARY TO
PRESSURIZE THE ET LO2 TANK. THE ET LO2 TANK ULLAGE PRESSURE IS
NECESSARY FOR EFFICIENT OPERATION OF THE SSMES.

GO2 FLOW THROUGH THIS VALVE IS NECESSARY TO PRESSURIZE THE ET LO2
TANK. THE LOSS OF ALL REDUNDANCY DURING AN ABORT CAN CAUSE THE
LOSS OF THE VEHICLE.

REFERENCES: VS70-41500X; SSSH DWG 10.11; OMRS